Background
Approximately one in five people living with HIV in the United States is unaware of their HIV status [1] . Research suggests that many of these individuals-at least a quarter of a million people-regularly receive health care services, yet they are not tested for HIV [2] . These missed opportunities are costly, preventing early detection of HIV infection and prolonging the HIV epidemic within our nation [3] . The National HIV/AIDS Strategy includes a goal to reduce HIV infections by increasing the proportion of infected individuals who know their status, from an estimated 79% to 90% by 2015 [4] . Accomplishing this goal will require a substantial increase in HIV testing. Moreover, prevention programs will need better ways to identify and characterize people who are at risk for HIV but who are not routinely tested for HIV.
Routine HIV screening, which leads to early diagnosis, is an efficacious and cost-effective strategy for HIV prevention [5] [6] [7] . Early diagnosis of HIV infection can reduce the costs of HIV treatment, improve health outcomes, and prevent others from becoming exposed to the virus [8] [9] [10] [11] . Since 2006, the U.S. Centers for Disease Control and Prevention (CDC) have recommended that all adult and adolescent patients in health care settings be regularly screened for HIV, regardless of known risk behaviors [2] . Similar recommendations have been issued by the World Health Organization and by the American College of Physicians [12] . Patients and health care providers are encouraged to consider routine HIV screening as a standard medical practice, similar to screenings performed for other chronic health conditions, such as cancer and cardiovascular disease.
A growing number of US HIV surveillance programs are routinely monitoring late HIV diagnosis, or the proportion of new HIV cases that are diagnosed late in the course of their HIV illness. Late HIV diagnosis is a measure of program performance within the Washington State Department of Health's HIV Prevention Program and is currently one of three HIV-related metrics which are being used by CDC's Winnable Battles effort to monitor and support state-specific progress towards curbing the HIV epidemic [13] . Surveillance data describing late HIV diagnosis provide a measure of HIV testing frequency and help characterize HIV-infected people who are unaware of their HIV status. Yet, there is currently a lack of consensus regarding how late diagnosis should be measured. More than 20 different measures of late 2 AIDS Research and Treatment diagnosis have been cited in various publications [14] . In 2009, the European Late Presenter Consensus working group established a harmonized definition of late HIV diagnosis [15] . However, in the US, a standard definition has yet to be adopted. Most surveillance programs use a time-based approach in which newly diagnosed HIV cases defined as late are individuals diagnosed with AIDS within a short-time period after initial diagnosis of HIV infection, for example one month [16] , three months [17] , twelve months [18] [19] [20] , or even 3 years [21] . However, this approach can require a lengthy follow-up period and hinges on our somewhat limited ability to determine when a diagnosis first occurred. Also, the chosen time interval between diagnosis of HIV and AIDS often varies across jurisdictions. The inconsistencies in defining late HIV diagnosis make examination of factors associated with late diagnosis difficult [17] .
Outside the United States, surveillance programs commonly use initial CD4 + T-cell count to determine a patient's stage of HIV illness at the time of diagnosis [22] . This approach is not dependent on long-term follow-up and could provide a more reliable and comparable definition for late diagnosis of HIV infection. Yet, while the completeness of laboratory data has improved over time, many US jurisdictions remain wary of potential bias associated with the incomplete reporting of laboratory results [17] . This is also a concern in Washington state, where comprehensive HIV laboratory reporting has only been in place since 2006.
We designed this study with three objectives in mind. First, we wish to inform state and local HIV prevention efforts by characterizing people with HIV who are diagnosed late in the course of their HIV illness. Second, we wish to determine whether the proportion of new HIV cases diagnosed late has changed over the past decade. Third, we compare two alternative measures of late HIV diagnosis, evaluating whether these measures lead us to similar or different conclusions about late HIV diagnosis in our state, and whether stated concerns about bias associated with either measure are justified.
Methods
We used surveillance data from Washington state's core HIV/AIDS reporting system (eHARS). This data system contains information about all individuals who have received a confidential diagnosis of HIV or AIDS while residing in Washington. The state also maintains a comprehensive laboratory reporting system which can be linked to eHARS and which contains all reported CD4 + T-cell test results associated with each HIV/AIDS case.
We analyzed adult cases, ages 18 years and older, who were diagnosed with HIV infection while residing in Washington state between 2000 and 2009. The time-based measure defines a case as late if the individual is diagnosed with AIDS within 12 months of initial HIV diagnosis. In our analysis of the time-based measure, we excluded cases with incomplete or missing dates of HIV or AIDS diagnosis (missing either month or year). When calculating the time-based measure, we also excluded cases diagnosed with HIV in 2009, since reporting delays would prevent us from being able to identify all cases that received an AIDS diagnosis within the 12-month follow-up period. The lab-based measure defines cases as late if the initial CD4 + T-cell count is <350 cells/mL, based on current WHO recommendations for HIV treatment initiation. We excluded cases from our analysis if the initial lab result was based on a specimen collected ≥90 days after HIV diagnosis.
We used SAS software (version 9.2) to generate descriptive statistics and conduct logistic regression, with relative likelihood for late HIV diagnosis described using adjusted odds ratios. Covariates in the multivariate regression model included gender, age at HIV diagnosis, race and Hispanic ethnicity, mode of HIV exposure, county of residence (at diagnosis), and foreign-born status.
To test for trends over time, we used a JoinPoint regression program (version 3.0) developed by the National Cancer Institute. Slope was calculated based on the model ln(y) = xb. Standard error of the dependent variable was based on the assumption that the underlying data fit a Poisson distribution. Annual percent change (APC) was used to describe change in the proportion of cases diagnosed late over time. APC assumes that rate of change occurs as a constant percentage over a defined time period.
Results
Among the 5,639 new HIV cases in Washington state between 2000 and 2009, 91% had adequate data to calculate a time-based measure of late HIV diagnosis (Table 1 ). All but one of the cases with incomplete data were diagnosed in 2009, which was too recent to determine whether an AIDS diagnosis took place during the 12-month follow-up period. Over the same time period, 71% of new cases had documentation of a valid CD4 + T-cell test result within 90 days of HIV diagnosis. While the proportion of cases without a CD4 + T-cell laboratory result was relatively high (29%), it appeared to decrease over time, from 35% in 2000 to only 17% in 2009. Regardless of measure, cases with complete data generally resembled those with missing or incomplete data. There were no statistical differences by gender or race/ethnicity. However, we did observe small but statistically significant differences with respect to age at HIV diagnosis, mode of HIV exposure, and county of residence (lab-based measure only).
Overall, a lower proportion of new HIV cases was diagnosed late using the time-based measure (37%) compared with the lab-based measure (56%; Table 2 ). However, within demographic and risk strata, the adjusted odds of being a late HIV diagnosis were similar regardless of measure. Men in our sample had 1.9-2.5 times the odds of being diagnosed late compared to women. We also found strong evidence for a positive association between late diagnosis and increasing age at HIV diagnosis. For example, older adults (ages 45 and older) had 1.8-2.2 times greater odds of being diagnosed late than did adults in their late twenties and early thirties. New HIV cases reporting heterosexual exposure had more than twice the odds of late diagnosis compared to those (Table 3) . Among cases born in the US, there was generally little evidence to suggest an association between race/ethnicity and late HIV diagnosis. The odds of late diagnosis among USborn American Indians and Alaska Natives (AI/AN) were about 1.7 times larger than those among US-born whites. Using the lab-based measure, US-born Hispanics had 1.5 times greater odds of late diagnosis compared to their white counterparts. However, the time-based measure provided no evidence for such an association. Among cases born outside the US, differences in the odds of late diagnosis were much greater between racial/ethnic groups. Among foreign-born cases, nonwhite cases had 1.7-3.4 times greater odds of late diagnosis compared to white cases.
Statewide, there is some evidence to suggest that the occurrence of late HIV diagnosis has decreased over the past decade (Figure 1 ). JoinPoint regression of both measures showed an average decrease of about 2 percent per year. However, only the slope associated with the lab-based measure (APC = −2.00) was statistically significant at the P = 0.05 level. Most of the change appears to be explained by significant decreases in late diagnosis among US-born cases (APC = −2.53), which comprise roughly 75% of all new HIV cases in Washington (Figure 2 ). The proportion of new HIV cases that are foreign-born has steadily risen over the past decade.
Discussion
As our state's HIV epidemic nears the end of its third decade, the proportion of new HIV cases which are diagnosed late remains unacceptably high. Although CDC recommendations for the expansion of HIV testing have been in place for more than five years, a substantial proportion of new cases is still being detected late in the course of their HIV illness, after the point at which treatment should have been initiated. Statewide, declines in late HIV diagnosis over the past ten years appear to be minimal. Indeed, our findings support the notion that targeted HIV testing efforts, which depend heavily on patient and provider perceptions of HIV risk, cannot by themselves reduce the number of HIV-infected people who are infected but unaware of their status [3, 23] . Many of the characteristics we observed to be associated with late HIV diagnosis, such as being heterosexual, or residing in a rural area, are not traditionally considered strong indicators of HIV risk. Therefore, HIV testing efforts need to be broadened to include people who are at elevated risk for HIV but who are, for a variety of reasons, not getting tested.
Men in our sample were more likely to be diagnosed late than women. This finding is consistent with several published studies [24] [25] [26] . However, other attempts to characterize the association between gender and late diagnosis have proven inconclusive [18, 27] . Using either measure of late diagnosis, the difference in the proportions of male and female cases that were diagnosed late was relatively small (<2%), suggesting the direction of the gender association could be sensitive to relatively minor differences in testing patterns. As reported elsewhere, we observed men with mode of transmission categorized as MSM or MSM/IDU to be among the least likely to be a late HIV diagnosis [28] . These cases comprise the majority of HIV cases in Washington state. However, since these risk categories do not by definition contain female cases, they were effectively ignored by our multivariate regression model, with gender comparisons and resulting odds ratios limited mainly to cases falling into three risk categories: heterosexuals, injection drug users, and cases with no identified risk factors.
Although women are generally less likely to perceive themselves as being at risk for HIV, which would seem to favor late diagnosis, they typically demonstrate higher utilization of health services compared to men, and HIV testing is more widely accessible to women as result of both prenatal HIV screening as well as cervical cancer screening [29, 30] . On the other hand, the association between gender and late diagnosis could also be influenced by lower levels of HIV testing within certain male subgroups, some of whom may actually be MSM but have not been reported as such. For example, research suggests that male Latinos at risk for HIV tend to get tested for HIV less frequently, and often do not identify as being gay or bisexual despite engaging in MSM behaviors [31] [32] [33] [34] [35] .
We expected a positive correlation between increasing age and late diagnosis. The very act of delaying testing requires the passage of time, and as time passes, people get older. Also, as the body ages, CD4 + T-cell counts tend to naturally decrease [36] . This results in a less-effective specific immune response, leading to greater viremia and less time to AIDS among individuals who seroconvert [37, 38] . Finally, some research indicates that older MSM test less often than younger MSM [39] .
Overall, we expected a stronger relationship between race/ethnicity and late diagnosis than we observed, given the widely documented lower testing rates among racial/ethnic minorities [16, 21] . While crude associations were apparent, racial/ethnic differences in late diagnosis were substantially smaller once we controlled for foreign-born status. The increased risk for late diagnosis among Native Americans is consistent with other evidence showing higher levels of poverty and limited access to health services within this population [40] . Likewise, late diagnosis among Hispanics could be due to barriers to HIV testing, particularly stigmainduced fear of testing positive and difficulty communicating with providers among individuals who do not speak English [41, 42] .
Our finding that foreign-born status confounds the associations between race/ethnicity and late HIV diagnosis is consistent with other published findings [2, 18, 43] . While foreign-born cases are more likely than US-born cases to be diagnosed late, it is difficult to determine how much of this increased likelihood is due to lower HIV testing versus other reasons. As result of strict HIV surveillance reporting requirements in the US, some foreign-born cases could be diagnosed outside the US but lack required documentation to demonstrate that a previous diagnosis took place. This could result in misclassification bias, causing some foreignborn cases to appear as late diagnoses when they really are not. Needs assessments data have suggested that as many as one quarter of foreign-born HIV cases diagnosed in our state were actually diagnosed at least one year earlier than the reported date of HIV diagnosis [32, 44] . Yet, differences in testing behaviors could also be explained by other factors associated with recent immigration to the US, such as poor access to HIV testing services, language barriers, social isolation, financial instability, or lack of knowledge about HIV [16, 27, 45] .
Data Completeness and Limitations.
Differences between cases with and without supporting data were relatively small and similar between late measures. The similarity in findings suggests that both measures would be prone to the same kinds of minimal bias.
The completeness of data supporting the time-based measure is higher than that of the lab-based measure in our study. However, this is heavily dependent on the duration of the chosen observation period. Had we evaluated late HIV diagnosis over a five-year time period, completeness would have been lower for the time-based definition.
AIDS Research and Treatment
Although we tend to assume that people with AIDS have serious health conditions that compel them to seek treatment, not all cases who develop AIDS seek care in a timely manner. Thus we may have misclassified some cases categorized as "not late" because although they have progressed to AIDS, they have not yet been linked to care or reported to our surveillance system. The time-based measure is also a subject to reporting delays associated with the diagnosis of HIV and AIDS, as well as our ability to monitor diagnoses that take place either out-of-state or outside the country.
Completeness of the data for the lab-based measure is strongly dependent on whether a given jurisdiction has implemented comprehensive lab reporting. Nevertheless, we are aware that a growing proportion of providers in our state are using out-of-state labs to process HIV-related specimens. Laws governing the reporting of laboratory results vary by state [46] . Although Washington has laws intended to ensure the comprehensive reporting of all HIV and AIDS test results, these laws do not apply to laboratories located outside state borders. Hence, many CD4 + T-cell results likely remain unreported each year, especially if they do not correspond to an HIV or AIDS case definition, such as CD4 + T-cell counts over 200.
The logistic regression models were based on crosssectional comparisons and do not indicate whether testing patterns have changed over time. Cases with complete data necessary to calculate either measure of lateness might not be representative of all new HIV cases, resulting in selection bias. Moderate case counts resulted in lower stratified cell sizes and wider confidence intervals that prevented our ability to detect trends in late diagnosis within stratified subgroups.
The adjusted odds ratios generated by our logistic regression model provide an indication of which variables are associated with late HIV diagnosis in our state, as well as some idea as to relative strength of those associations. However, since late HIV diagnosis is a common event within our sample, the odds ratios likely represent a substantial overestimation of corresponding relative risks.
Among new HIV cases categorized as foreign-born in our analysis, approximately 20% are missing information about country of birth. Although some of these cases might actually have been born in the US, we do not consider this to be a large limitation. By misclassifying some native-born cases as foreign-born, we would essentially dilute the latter group, making them appear more like native-born cases than they actually are. Accurate classification of these cases would likely result in better separation between native and foreign-born cases, which would likely improve our ability to measure an association and strengthen our findings.
Strengths and Future
Implications. To our knowledge, this is the first study which uses HIV surveillance data to compare two measures of late HIV diagnosis. Our results indicate that both measures point to the same risk factors for late HIV diagnosis. The relative strength and direction of these associations were also very similar.
The lab-based measure is more clinically relevant because it is based on the current recommendations for treatment initiation and can be easily modified as the standard of care evolves. In addition, it allows the inclusion of at least one additional year of data (the most recent). As our laboratory reporting system matures, and with the expected introduction of health information exchanges, the quality and completeness of laboratory data should continue to improve over time [47] . Among the 536 cases with missing data needed to calculate the time-based measure, nearly half were identified as late using the lab-based measure. On the other hand, using both measures together could provide a broader and potentially more informative understanding of late diagnosis, offering additional information about cases that lack adequate data to support either one measure or the other.
Strengths of our study include the use of nine years of statewide surveillance data as well as an evaluation of two different ways of measuring late HIV diagnosis. Also, our use of multiple logistic regression allowed us to control for numerous potential confounders. Our results reaffirm the validity of a time-based definition of late HIV diagnosis, while at the same time demonstrating the potential value of a lab-based measure. Moreover, because it is a subject to fewer potential limitations, the lab-based measure might be a better alternative in jurisdictions with comprehensive laboratory reporting.
